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EXPRESSION SYSTEMS FOR CLONING TOXIC GENES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. provisional application Serial No. 
60/214,105 filed June 26, 2000, which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to vectors which suppress the expression of toxic 
genes, compositions comprising the same, and methods of using vectors to clone toxic genes 
in bacteria. 

BACKGROUND OF THE INVENTION 

Cloning of genes in bacterial systems has greatly expanded the scope of molecular 
biology and gene therapy. Many genes, however, have not yet been successfully cloned or 
sub-cloned by conventional cloning techniques due to their toxicity in host cells such as 
bacteria. For example, cloning and sub-cloning of env genes from HIV-1 has been 
particularly difficult due to the toxicity of env genes in bacteria. Neither directional cloning 
by two enzyme digestion nor unidirectional cloning by single enzyme digestion or blimt-end 
ligation has proven to be successful for env genes or portions thereof which are toxic in 
bacteria. 

Several approaches have been examined for the ability to clone toxic genes in 
bacteria. For example, using a cytomegalovirus promoter in bacteria has not been successful 
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because the promoter is leaky and the resuhant protein is toxic to the bacteria. A possible 
solution is to choose a promoter that is not leaky. However, due to the paucity of non-leaky 
promoters and promoters which are as strong as the cytomegalovirus promoter, this strategy 
has not proven to be very successful. Another possible solution is to choose a strain of 
5 bacteria that is not as vulnerable to the toxic gene. Several strains including DH5a, XL-1 
Blue, ToplOF', InvaF', Sure, and HB 101 have been used without much success. 

Another possible strategy for cloning toxic genes in bacteria is to use antisense 
technology to bind to the mRNA encoding the toxic gene. For example, bacteria could be 
co-transformed with two plasmids - one encoding the toxic gene and a second plasmid 

10 encoding the antisense strand, which is lost once the selective pressure, such as ampicillin, 
IS removed. Results based on such a strategy, ho wever, have not been successful possibly 
due to the incompatibility of the ori of the two plasmids or possible due to the harshness of 
the double selection of the competent cells. A disadvantage of this strategy is that two 
plasmids carrying a long identical insert would likely recombine. 

1 5 Accordingly, there remains a need for cloning toxic genes in bacteria. The present 

invention provides a single plasmid that can be used to clone the toxic gene in bacteria yet 
allow expression in mammalian cells. The present invention also provides methods of 
cloning toxic genes in bacteria using the plasmids. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 represents a plasmid map of 004. 

Figure 2 represents a plasmid map of a preferred plasmid comprising a second 
promoter in reverse orientation relative to the first promoter. 

Figure 3 represents a plasmid map of another preferred plasmid comprising a 
second promoter in reverse orientation and a green fluorescent protein operably connected 
25 to the first promoter. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention relates to methods of cloning toxic genes in bacteria using 
a vector which amplifies the toxic gene in bacteria and also allows subsequent expression 
in mammalian systems. The present invention also related to a host cell transformed with 
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the plasmid of the invention. 

The vectors of the invention are useful in, for example, general cloning of toxic 
genes, improving expression library cloning, and development of gene therapy products as 
part of or in association with a recombinant vaccine, attenuated vaccine or DNA vaccines. 
For library construction, the methods of the invention allow for the construction of complete 
libraries for mammalian expression by Hmiting toxic gene expression in bacterial systems. 
The present invention can also be used in vivo as components of a vaccine and as 
components of gene therapy using vectors. 

The present invention is directed to a vector that can be used to clone one or more 
toxic genes in bacteria. A preferred vector comprises an origin of replication, a first 

Dromoter. a nolvlinker. a second nrnmntftr 

promoter, a poly A signal, and a gene encoding a selectable marker. The vector optionally 
comprises an enhancer operably connected to the first promoter. The vector can also 
comprise a nucleic acid molecule having a nucleotide sequence encoding a toxic protein. 

The vectors of the invention include, but are not limited to, plasmids, cosmids, 
yeast artificial chromosomes, viral vectors, phagemids, and the like. The vector is 
preferably a plasmid. One skilled in the art is familiar with types of vectors that can be used 
in the present invention. 

The vectors of the invention comprise an origin of replication. Functional origins 
of replication that can be used in the present invention include, but are not limited to, ColEl 
origin of replication which allows replication in bacteria. One skilled in the art is readily 
familiar with origins of replication that can be used in the present invention. 

The vectors of the invention also comprise a first promoter which directs the 
expression of the toxic gene, when present. The first promoter is either an inducible 
promoter or a constitutive promoter. Examples of first promoters that can be used in the 
present invention include, but are not limited to, cytomegalovirus promoters such as the 
CMV immediate early promoter, SV40 early promoter, mouse mammary tumor virus 
promoter, human immunodeficiency virus promoters such as the HIV long terminal repeat 
promoter, maloney virus promoter, Epstein Barr virus promoter, rous sarcoma virus 
promoter, ALV, B-cell specific promoters, baculovirus promoter for expression in insect 
cells, as well as promoters fi-om human genes such as human actin, human myosin, human 
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hemoglobin, human muscle creatine and human metalothionein. The first promoter is 
operably connected to the nucleic acid sequence encoding a toxic gene when the toxic gene 
is inserted into the vector. 

The vectors of the invention also comprise a second promoter which is located 
downstream of the first promoter and is in reverse orientation relative to the first promoter. 
The second promoter is able to produce at least one antisense molecule directed to a nucleic 
acid molecule which is inserted upstream of the second promoter. The second promoter can 
be an inducible promoter or a constitutive promoter but must be specifically a bacterial 
promoter or a promoter active in bacteria. In addition, the second promoter must be inactive 
or silent in the target host, such as a human. Examples of second promoters that can be used 

in the nresent invention innliid(=» hut arp nr»t limitf^H tn a lar mrkmnte^r On** ct-^ll^^rl in tVi<^ 

art is readily familiar with additional promoters that can be used in the present invention as 
a second promoter. 

The vectors of the invention also comprise a polylinker or multiple cloning site 
which is located downstream of the first promoter and upstream of the second promoter (i.e., 
between the two promoters). The polylinker provides a site for insertion of the nucleic acid 
molecules encoding the toxic gene. Multiple cloning sites and polylinkers are well-known 
to those skilled in the art. 

The vectors of the invention also comprise a polyadenylation signal. Examples of 
polyadenylation signals that can be used in the present invention include, but are not limited 
to, SV40 polyadenylation signal, human and bovine growth hormone polyadenylation 
signals, and LTR polyadenylation signals. In particular, the SV40 polyadenylation signal 
which is in pCEP4 plasmid (Invitrogen, San Diego CA), referred to as the SV40 
polyadenylation signal, is used. 

The vectors of the invention also preferably comprise a gene encoding a selectable 
marker in order to select for transformed bacteria. Examples of selectable markers that can 
be used in the present invention include, but are not limited to, kanamycin, neomycin, 
chloramphenicol, ampicillin, and genetic selection markers such as, for example, markers 
specific for tRNA selection. 

The vectors of the invention can also optionally comprise an enhancer located 
upstream of the first promoter. Examples of enhancers that can be used in the present 
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invention include, but are not limited to, rous sarcoma virus enhancer, human actin 
enhancer, human myosin enhancer, human hemoglobin enhancer, human muscle creatine 
enhancer, viral enhancers such as those from cytomegalovirus and Epstein-Barr virus, 
immunoglobulin enhancers, class II enhancers, and enhancers active in dendritic cells and 
macrophages. Enhancers and nucleic acid molecules comprising the same are widely known 
and available to those skilled in the art. 

Other genetic elements are well known to those skilled in the art and can be used 
as deemed necessary. For example, the c/^-acting transactivation element from Mason-Pfiz 
monkey virus can be used to facilitate transport of unspliced or partially spliced RNA to the 
cytoplasm. One skilled in the art is readily able to determine which additional genetic 

The vectors described above can be used to clone toxic genes in bacteria. A nucleic 
acid molecule having a nucleotide sequence that encodes a toxic gene is inserted into the 
multiple cloning site or polylinker of the vector. The nucleotide sequence is operably 
connected to the first promoter such that the toxic gene can be expressed in a host cell. The 
nucleotide sequence is also positioned such that the second promoter can direct the 
production of an antisense molecule in bacteria which targets the toxic gene RNA produced 
by the first promoter. In this manner, any RNA that is transcribed from the first promoter 
is physically bound by the antisense molecules produced by the second promoter, which 
prevents the RNA from being translated. Thus, no toxic protein is produced within the 
bacterial cell. Accordingly, the toxic gene can be cloned and amplified in bacteria without 
the problems associated with toxicity. Once the toxic genes are amplified in bacteria, the 
vectors comprising the toxic gene can be isolated and purified from the bacteria by standard 
procedures. The isolated vector can then be used to transfect mammalian cells wherein 
expression of the protein is desired. In target cells, since the second promoter is silent, no 
antisense RNA is produced and the sense RNA can be translated so as to express the desired 
protein in the target cell. 

The toxic genes of the invention encode any toxic protein. The toxic genes can be 
complete genes or partial genes and preferably contain the necessary initiation signals and 
termination signals. Initiation codons and stop codon are generally considered to be part of 
the nucleotide sequence that encodes the desired toxic protein and are in frame with the 
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coding sequence. The toxic genes can also be expressed as fusion proteins. Examples of 
toxic genes that can be used in the present invention include, but are not limited to, viral 
toxic genes, bacterial toxic genes, and fungal toxic genes. Preferred viral toxic genes 
include, but are not limited to, HIV-1 env gene. Preferred bacterial toxic genes include, but 
are not limited to, Pseudomonas exotoxin A, cholera toxin, diphtheria toxin, E. coli toxins, 
botulinum toxin, anthrax toxin, pertussis toxin, shiga toxin, ricin, tetanus toxin. 
Staphylococcal toxins, and the like. The nucleotide sequences of the toxins described above, 
as well as any others, can be found in numerous gene databases which are available to the 
public. Any toxic gene can be used in accordance with the present invention. 

The present invention is also directed to a host cell comprising any of the vectors 

described above The host rell rr»n r.nmnricf^ p ^ip^rinr fVicit 
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can comprise a vector that contains a toxic gene. The host cell can be a bacterial cell 
including, but not limited to, DH5a, XL-1 Blue, Topi OF', InvaF', Sure, Stbl2, and HB 101. 
The host cell can also be a mammalian cell including, but not limited to, non-human 
mammalian tissue culture cells, Chinese hamster ovary cells, human tissue culture cells such 
as HeLa cells, and RD cells. Primate cells, including, but not limited to, COS cells, can also 
be used in the present invention. 

One having ordinary skill in the art can use commercially available expression 
vectors and systems or others to produce the vectors of the invention using routine 
techniques and readily available starting materials. {See e.g., Sambrook et al. Molecular 
Cloning a Laboratory Manual, Second Ed. Cold Spring Harbor Press (1989) which is 
incorporated herein by reference in its entirety.) A preferred starting vector is 004 (obtained 
from ApoUon, Inc., Malvern, PA). However, additional commercially available vectors can 
also be used. pCDNA3 (Invitrogen) and pCITE (Novagen) can also be used. The vector can 
be digested with the appropriate restriction enzymes and the second promoter, such as the 
lac promoter, can be cloned into the cut site. The lac promoter can be obtained from, for 
example, pCRII (Invitrogen) or pUC18 and inserted in the reverse orientation into the 
starting vector and ligated. The toxic gene of interest can then be inserted into the polylinker 
or multiple cloning site by standard techniques. Expression systems containing the requisite 
control sequences, such as promoters and polyadenylation signals, and preferably enhancers, 
are readily available and known in the art for a variety of hosts. See e.g., Sambrook et al., 
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Molecular Cloning a Laboratory Manual^ Second Ed. Cold Spring Harbor Press (1989). 

The present invention is also directed to a method of cloning a gene that is toxic, 
particularly to bacteria. A vector of the invention, such as any of the vectors described 
above containing the second promoter is reverse orientation, is provided. A nucleic acid 
molecule encoding a toxic gene of interest is inserted into the polylinker of the vector using 
routine procedures. Bacteria are transformed with the vector comprising the toxic gene, and 
the bacteria are grown under conditions in which the vector is amplified in the bacteria. The 
vector can be isolated and purified fi-om the bacteria by routine procedures and subsequently 
transfected into mammalian cells for expression, if desired. 

The present invention also includes the addition of a marker protein for determining 
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green fluorescent protein (GFP), which is ligated in fi*ame with the first promoter such that 
expression of the toxic gene occurs along with expression of the toxic gene. In the case of 
GFP, the presence of the green fluorescence indicates that the toxic gene is produced. One 
skilled in the art can use a multitude of other markers, including fluorescent markers for the 
same purpose. 

The Examples set out below include representative examples of aspects of the 
present invention. The Examples are not meant to limit the scope of the invention but rather 
serve exemplary purposes. In addition, various aspects of the invention can be summarized 
by the following description. However, this description is not meant to limit the scope of 
the invention but rather to highlight various aspects of the invention. One having ordinary 
skill in the art can readily appreciate additional aspects and embodiments of the invention. 

EXAMPLES 

Example 1: Preparation of pDZ-1 and pDZ;-l-GFP 

The plasmid pDZ-1 was prepared by using plasmid 004 (see Figure 1) as the 
starting vector. The lac promoter was obtained by PGR fi*om the pCRII plasmid and 
digesting the PGR product with Sail and Xbal. Plasmid 004 was also digested with Sail and 
Xbal and the digested lac promoter PGR product was ligated into the plasmid to produce 
pDZ- 1 (see Figure 2). For pDZ- 1 -GFP (see Figure 3), the green fluorescent protein was sub- 
cloned fi-om pGreenLantem-l. Expression of pDZ-l-GFP was observed under ultraviolet 
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light (not shown). Table 1 shows several HIV- 1 env gene constructs that have been prepared 
in accordance with the claimed invention along with the percentage of positive clones. 
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